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ENCAPSULANT LOCK FEATURE 

BACKGROUND OF THE INVENTION 
The present invention relates to semiconductor die encapsulation and, more 
5 particularly, to an encapsulation scheme that provides for improved adhesion of the 
encapsulant to an underlying printed circuit board. 

Plastic encapsulates are commonly used in integrated circuit packaging to 
protect the integrity of the encapsulated semiconductor die and the associated electrical 
connections. U.S. Patent No. 5,701,034 (Marrs) is directed to providing improved 
10 encapsulation of a semiconductor die and teaches the formation of a locking moat in a 
heat sink to which the semiconductor die is coupled. The encapsulant material is cured 
O in the locking moat of the heat sink and about the semiconductor die to interlock the 
ifi encapsulant and the heat sink. The teachings of U.S. Patent No. 5,701,034 are not, 
however, related to improving adhesion or coupling of the encapsulant to resin 
15 H laminates commonly utilized to form printed circuit boards. Further, the design of the 
locking moats and the structure of the heat sink in the '034 patent do not complement 
rf each other to provide for an efficient method of manufacture. 

In many instances, a semiconductor die is positioned on the upper surface of a 
JE printed circuit board substrate and an encapsulant is arranged to cover the 
20 Hi semiconductor die, portions of the upper surface of the substrate, and any leads, bond 
pads, or other bonding locations on the upper surface of the substrate. Robust 
encapsulant-to-substrate adhesion is critical in this type of structure because the 
encapsulant contacts only the upper surface of the substrate, as opposed to completely 
surrounding the substrate and die. 
25 In practice, encapsulant-to-substrate adhesion is limited by specific design 

constraints. For example, the upper surface of the substrate typically includes 
conductive portions and solder resist portions. It is often difficult to identify a suitable 
encapsulant that bonds equally well to the conductive portions and the solder resist 
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portions. Further, the encapsulant material must also be selected to minimize the 
deleterious effects of particulate matter contaminating the surface of the substrate. All 
of these design considerations limit the ability to achieve sufficient encapsulant-to- 
substrate adhesion. 

5 Accordingly, there is a need for a semiconductor die encapsulation scheme that 

provides for optimum encapsulant-to-substrate adhesion while accounting for variations 
in the composition of the substrate surface and for the deleterious effects of particulate 
matter on the surface of the substrate, particularly where the substrate involved is a 
printed circuit board laminate. Further, there is a need in the art for an encapsulation 
1 0 scheme that is directed to improving adhesion or coupling of the encapsulant to the 
resin laminates commonly utilized to form printed circuit boards. 

BRIEF SUMMARY OF THE INVENTION 
15 1 ; This need is met by the present invention wherein a void is formed in the 

structure of a laminate supporting a semiconductor die and where an encapsulant is 
P arranged to encapsulate the semiconductor die and fill the void in the laminate. 

In accordance with one embodiment of the present invention, a packaged 
,p semiconductor device is provided comprising a semiconductor chip, a laminate, and an 
20 1 encapsulant. The laminate defines first and second major faces and includes an 
electrically conductive layer, an underlying substrate supporting the electrically 
conductive layer, and at least one void formed in the laminate so as to extend from one 
of the major faces through the electrically conductive layer at least as far as the 
underlying substrate. The encapsulant is positioned to mechanically couple the 
25 semiconductor die to the laminate to extend into the void so as to contact the 
underlying substrate. 

The void or voids preferably extend into the underlying substrate and may extend 
from the first major face through the electrically conductive layer and the underlying 
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substrate to the second major face. The contact between the encapsulant and the 
underlying substrate is preferably characterized by an adhesive bond and the 
encapsulant preferably occupies substantially all of the void. 

In accordance with another embodiment of the present invention, a packaged 
semiconductor device is provided comprising a semiconductor chip, a laminate, and an 
encapsulant. The laminate defines first and second major faces and includes a solder 
resist layer, an underlying substrate, an electrically conductive layer interposed between 
the solder resist layer and the underlying substrate, and at least one void formed in the 
laminate so as to extend from one of the major faces through the solder resist layer and 
the electrically conductive layer at least as far as the underlying substrate. The 
encapsulant is positioned to mechanically couple the semiconductor die to the laminate 
and to extend into the void so as to contact the underlying substrate. 

In accordance with yet another embodiment of the present invention, a packaged 
semiconductor device is provided comprising a semiconductor chip, a laminate, and an 
encapsulant The laminate defines first and second major faces and includes a plurality 
of laminated layers. The laminate also includes at least one void formed therein so as 
to extend from one of the major faces through a plurality of the laminated layers. The 
encapsulant is positioned to mechanically couple the semiconductor die to the laminate 
and is further positioned to extend into the void across the plurality of laminated layers 
so as to contact a portion of the laminate between the first and second major faces of 
the laminate. 

In accordance with yet another embodiment of the present invention, a packaged 
semiconductor device is provided comprising a semiconductor chip, a prepreg epoxy 
resin glass-cloth laminate, and an encapsulant. The prepreg epoxy resin glass-cloth 
laminate defines first and second major faces and includes a plurality of laminated 
prepreg layers and at least one void formed therein so as to extend from one of the 
major faces through a plurality of the laminated prepreg layers. The encapsulant is 
positioned to mechanically couple the semiconductor die to the prepreg epoxy resin 
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glass-cloth laminate and to extend into the void across the plurality of laminated 
prepreg layers so as to contact a portion of the laminate between the first and second 
major faces of the laminate. 

In accordance with yet another embodiment of the present invention, a packaged 
semiconductor device is provided comprising a semiconductor chip, a laminate, and an 
encapsulant. The laminate defines first and second major faces and includes a plurality 
of laminated layers and at least one void formed therein so as to extend from one of the 
major faces through a plurality of the laminated layers. The void is characterized by a 
profile that varies across adjacent laminated layers. The encapsulant is positioned to 
mechanically couple the semiconductor die to the laminate and to extend into the void 
across the varying profile so as to contact a portion of the laminate between the first 
and second major faces of the laminate. The varying profile may be characterized by a 
cross-sectional area that changes from a first value in a selected laminated layer to a 
second value in an adjacent laminated layer. The second value is preferably larger 
than the first value. 

In accordance with yet another embodiment of the present invention, a packaged 
semiconductor device is provided comprising a semiconductor chip, a laminate, and an 
encapsulant. The laminate defines first and second major faces and includes a plurality 
of laminated layers, including a selected laminated layer and an adjacent laminated 
layer. The selected laminated layer is disposed closer to the first major face than the 
adjacent laminated layer. The laminate includes at least one void formed therein so as 
to extend from the first major face through the selected laminated layer and into the 
adjacent laminated layer. The void is characterized by a varying profile that defines a 
ledge portion in the selected laminated layer and an underlying cavity in the adjacent 
laminated layer. An encapsulant is positioned to mechanically couple the 
semiconductor die to the laminate and to extend into the void across the ledge portion 
into the underlying cavity so as to contact a portion of the laminate between the first 
and second major faces of the laminate. The selected laminated layer may comprise a 
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plurality of laminated layers. Similarly, the adjacent laminated layer may comprise a 
plurality of laminated layers. 

In accordance with yet another embodiment of the present invention, a packaged 
semiconductor device is provided comprising a semiconductor chip, a laminate, and an 
5 encapsulant The laminate defines first and second major faces and includes a plurality 
of laminated layers and at least one void formed therein so as to extend from one of the 
major faces through a plurality of the laminated layers. The void is characterized by a 
cross-sectional area that changes from a first value in a selected laminated layer to a 
second value in an adjacent laminated layer. The encapsulant is positioned to 
1 0 mechanically couple the semiconductor die to the laminate, wherein the encapsulant is 
further positioned to extend into the void across the varying cross-sectional area, 
n In accordance with yet another embodiment of the present invention, an 

encapsulated integrated circuit is provided comprising a semiconductor die, a printed 
m circuit board, and an encapsulant. The printed circuit board is conductively coupled to 
15 i2 the semiconductor die and comprises a laminate defining first and second major faces. 
53 The laminate includes a solder resist layer, an underlying substrate, an electrically 
(3 conductive layer interposed between the solder resist layer and the underlying 
IZ substrate, and at least one void formed in the printed circuit board so as to extend from 
± one of the major faces through the solder resist layer and the electrically conductive 
20 : 1 layer at least as far as the underlying substrate. The encapsulant is positioned to 

mechanically couple the semiconductor die to the printed circuit board and to extend 
into the void. 

In accordance with yet another embodiment of the present invention, a computer 
is provided including at least one packaged semiconductor device comprising a 
25 semiconductor chip, a laminate, and an encapsulant. The laminate defines first and 
second major faces and includes an electrically conductive layer, an underlying 
substrate supporting the electrically conductive layer, and at least one void formed in 
the laminate so as to extend from one of the major faces through the electrically 
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conductive layer at least as far as the underlying substrate. The encapsulant is 
positioned to mechanically couple the semiconductor die to the laminate and to extend 
into the void so as to contact the underlying substrate. 

In accordance with yet another embodiment of the present invention, an epoxy 
5 resin glass-cloth laminate is provided comprising first and second major faces, and a 
plurality of laminated epoxy resin glass-cloth layers. The second major face is oriented 
substantially parallel to the first major face. The plurality of laminated epoxy resin 
glass-cloth layers define a portion of the laminate between the first and second major 
faces. The laminate includes at least one void formed therein so as to extend from one 
10 of the major faces through a plurality of the laminated layers. The void is characterized 
by a profile that varies across adjacent laminated layers. The laminated layers 
o preferably comprise bismaleimide triazine resin. 

JiJ In accordance with yet another embodiment of the present invention, an 

IP encapsulated integrated circuit is provided comprising a semiconductor die, a printed 
15 il circuit board, and an encapsulant. The printed circuit board is conductively coupled to 
a the semiconductor die and comprises a laminate defining first and second major faces. 
13 The laminate includes a solder resist layer, an electrically conductive layer, and a 

bismaleimide triazine resin laminate including a selected laminated layer and an 
P adjacent laminated layer. The electrically conductive layer is interposed between the 
20 jy solder resist layer and the underlying substrate. The selected laminated layer is 

disposed closer to the first major face than the adjacent laminated layer. The laminate 
includes at least one void formed therein so as to extend from one of the major faces 
through the solder resist layer and the electrically conductive layer at least as far as the 
adjacent laminated layer. The void is characterized by a varying profile that defines a 
25 ledge portion in the selected laminated layer and an underlying cavity in the adjacent 
laminated layer. The encapsulant is positioned to mechanically couple the 
semiconductor die to the printed circuit board and to extend through the void into the 
underlying cavity so as to form an adhesive bond with the bismaleimide triazine resin 
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laminate. The semiconductor die is supported by the bismaleimide triazine resin 
laminate and the encapsulant and the bismaleimide triazine resin laminate are arranged 
to enclose substantially all of the semiconductor die. 

In accordance with yet another embodiment of the present invention, a method 
5 of encapsulating an integrated circuit is provided comprising the steps of (i) providing a 
semiconductor chip; (ii) providing a laminate defining first and second major faces, the 
laminate including an electrically conductive layer, and an underlying substrate 
supporting the electrically conductive layer; (iii) forming at least one void in the laminate 
so as to extend from one of the major faces through the electrically conductive layer at 
10 least as far as the underlying substrate; and (iv) encapsulating the semiconductor die 

and the laminate with an encapsulant such that the encapsulant extends into the void to 

ii. jl 

JPJ contact the underlying substrate. 

In accordance with yet another embodiment of the present invention, a method 
ffi of forming an epoxy resin glass-cloth laminate is provided and comprises a process of 
15j;7 laminating a plurality of epoxy resin glass-cloth layers such that the laminate includes at 
u least one void formed therein extending from one of the major faces through a plurality 
o of the laminated layers, and such that the void is characterized by a profile that varies 

across adjacent laminated layers, 
p Accordingly, it is an object of the present invention to provide a packaged 

20| y semiconductor device or encapsulated integrated circuit, a computer including a 

packaged semiconductor device, a method of encapsulating an integrated circuit, and a 
method of forming an epoxy resin glass-cloth laminate whereby an encapsulant may be 
arranged to encapsulate a semiconductor die and fill a void formed in the structure of a 
laminate supporting the semiconductor die. Other objects of the present invention will 
25 be apparent in light of the description of the invention embodied herein. 



-7 of 23 



# 



Docket No. - MIO 051 PA 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
The following detailed description of the preferred embodiments of the present 
invention can be best understood when read in conjunction with the following drawings, 
where like structure is indicated with like reference numerals and in which: 
5 Fig. 1 is a schematic cross-sectional illustration of an encapsulated 

semiconductor die package according to the present invention; 

Fig. 2 is a schematic, broken away, cross-sectional illustration of a portion of a 
encapsulated semiconductor die package according to one embodiment of the present 
invention; 

10 Fig. 3 is a schematic, broken away, cross-sectional illustration of a portion of a 

encapsulated semiconductor die package according to an alternative embodiment of 
the present invention; and 
}3 Fig. 4 is an exploded view of the encapsulated semiconductor die package 

illustrated in Fig. 3. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to Figs. 1 and 2, a packaged semiconductor device or 
encapsulated integrated circuit 10 according to the present invention comprises a 
semiconductor die or chip 20, a printed circuit board laminate 30 conductively coupled 
5 to the semiconductor die 20 (electrical connections not shown), and an encapsulant 40. 

The printed circuit board laminate 30 comprises a laminate defining a first major 
face 31 and a second major face 32. At its first major face 31 , the laminate includes a 
solder resist layer 34, an electrically conductive layer 36, and an underlying resin 
laminate substrate 38 supporting the electrically conductive layer 36 and the solder 
10 resist layer 34. In the illustrated embodiment, the printed circuit board laminate 30 
includes an additional solder resist layer 34 and an additional electrically conductive 
layer 36 at the second major face 32 of the printed circuit board laminate 30. 
2 The resin laminate 38 of the printed circuit board laminate 30 is preferably a 

y o 

(H prepreg epoxy resin glass-cloth laminate, e.g., a BT laminate (bismaleimide triazine), an 
1 5 u PR-4 epoxy-glass laminate, an FR-5 epoxy-glass laminate, or another suitable laminate 
structure. The resin laminate 38 includes a plurality of adjacent laminated layers 38A- 
□ 38F. The nature and extent of each laminated layer is perhaps best illustrated in the 
exploded view illustration of Fig. 4. 

A void 50 is formed in the printed circuit board laminate 30 and extends from the 
20 fU first major face 31 , through the plurality of adjacent laminated layers 38A-38F, to the 
second major face 32. The encapsulant 40 is positioned to mechanically couple the 
semiconductor die 20 to the printed circuit board laminate 30 by extending into the void 
50 across the plurality of laminated layers 38A-38F. The resulting contact between the 
encapsulant 40 and the interior portion of the printed circuit board laminate 30 is 
25 characterized by an adhesive bond that solidifies the structure of the encapsulated 
integrated circuit 10. Preferably, the encapsulant 40 occupies substantially all of the 
void 50. Further, the encapsulant 40 and the printed circuit board laminate 30 enclose 
substantially all of the semiconductor die 10. 
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Referring now to Figs. 3 and 4, an alternative embodiment of the present 
invention is illustrated. In the embodiment of Figs. 3 and 4, the void 50 is characterized 
by a profile that varies across the plurality of adjacent laminated layers 38A-38F. The 
encapsulant 40 (not shown in Figs. 3 and 4) is arranged to extend into the void 50 
across the varying profile. In this manner, the varying profile functions to further secure 
the encapsulant within the void 50 and further solidify the mechanical coupling between 
the semiconductor die 20 and the printed circuit board laminate 30. 

In the illustrated embodiment, the varying profile of the void 50 defines a ledge 
portion 60 in the selected laminated layers 38A, 38B and an underlying cavity 62 in the 
adjacent laminated layer 38C such that the varying profile of the void 50 is 
characterized by a cross-sectional area that changes from a first value in the selected 
laminated layers 38A, 38B to a larger value in the adjacent laminated layer 38C. 
Although, in the illustrated embodiment, two laminated layers 38A, 38B define the ledge 
portion 60 and a single laminated layer 38C defines the underlying cavity 62 , it is 
contemplated by the present invention that any number of layers may be selected to 
form the ledge portion 60 and the underlying cavity 62. Further, although a simple T- 
shaped profile is illustrated in Figs. 3 and 4, it is contemplated by the present invention 
that a variety of varying profiles may be utilized to accomplish the objectives of the 
present invention. 

As will be appreciated by those practicing the present invention the method of 
encapsulating the integrated circuit or semiconductor die 20 comprises the steps of: (i) 
providing the semiconductor die 20; (ii) providing the printed circuit board laminate 30; 
(iii) forming the void 50 in the laminate 30 such that it extends at least as far as the 
underlying resin laminate substrate 38; and (iv) encapsulating the semiconductor die 20 
and the laminate 30 with an encapsulant 40 such that the encapsulant 40 extends into 
the void to contact the underlying substrate 38. As will be further appreciated by those 
practicing the present invention, a variety of methods are available for forming the void 
50. For example, the void 50 may be formed by drilling, stamping, or chemical etching. 
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Further, it is contemplated by the present invention that the varying profile of the void 50 
within the resin laminate substrate 38 may be provided by processing separately 
individual ones of the plurality of adjacent laminated layers 38A-38F with respective 
portions of the void 50 formed in selected ones of the layers 38A-38F. Subsequently, 
the respective void portions of each layer are aligned to formed the desired profile and 
joined into a unified resin laminate substrate 38. 

Having described the invention in detail and by reference to preferred 
embodiments thereof, it will be apparent that modifications and variations are possible 
without departing from the scope of the invention defined in the appended claims. 

What is claimed is: 
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